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Abstract
The presurgical nasoalveolar molding plate appliance with stent (PNAM) extended from the palatal 
molding plate; to correct the nostril shape of infants with cleft lip and palate is well known. The PNAM 
appliance is based on the finding that a high degree of plasticity is maintained in the cartilage of infants 
during the first 6 weeks after birth. However, on the current PNAM protocol described by Grayson 
et al. the nasal stent is supposed to be an adjunct to the palatal molding plate after reducing the sever-
ity of the alveolar cleft width. We have used the modified Hotz’s plate from the setup model and built 
up the nasal stent even before reducing the severity of the alveolar deformity. In this study we assess 
the effects of the modified Hotz’s plate and the modified PNAM appliance for the alveolar and palatal 
form. The lateral deviation of the incisal point, the width of the palatal cleft, and the degree of curvature 
of the palatal vault were first evaluated on plaster models. The PNAM group is smaller on the lateral 
deviation of the incisal point than the modified Hotz’s group. The decreased average width of the palatal 
cleft and curvature of the palate, was almost the same in both the modified Hotz’s and PNAM groups. 
In comparison with the modified Hotz’s plate, the modified PNAM appliance also improves the molding 
of the alveolar segments and reduces cleft width. [Singapore Dent J 2010;31(1):36–42]
Key Words: unilateral cleft lip and palate, presurgical orthopedics, presurgical nasoalveolar 
molding three-dimensional, morphology
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Introduction
The presurgical nasoalveolar molding plate with 
stent (PNAM) extending from the palatal mo-
lding plate to correct the nostril shape is the 
most well known1–5 appliance for the presurgical 
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orthopaedic treatment of infants with cleft lip 
and palate (CLP). The PNAM appliance is based 
on the finding that a high degree of plasticity is 
maintained in the cartilage of infants during the 
first 6 weeks after birth after which, there is a 
gradual in plasticity.1,6 The ‘Active Soft Tissue 
and Cartilage Molding Plate’ therapy like the PNAM 
is more successful during this period. However, 
on the current PNAM protocol described by 
Grayson et al the nasal stent is supposed to be 
an adjunct to the palatal molding plate after re-
ducing the severity of the alveolar cleft width.2 
Using the modified Hotz’s plate from the ideal-
ized setup model (Figure 1), we built up nasal 
stents even before reducing the severity of the 
alveolar deformity for the palatal molding plate 
part of the PNAM  procedure, called the modi-
fied PNAM (Figure 2). We have previously re-
ported that this modified PNAM was effective in 
reducing both nasal and palate deformity.7,8 We 
had not however compared the degree of effec-
tiveness between both procedures. The aim of 
this study is to assess the effect of the palatal 
molding plate appliance (the modified Hotz’s 
plate, the modified PNAM) on the alveolar and 
palatal form through a quantitative and three-
dimensional evaluation.
Materials and Methods
The subjects in our study were infants with uni-
lateral CLP who were treated with the modified 
Hotz’s plate—Hotz’s group or the modified pre-
surgical nasoalveolar molding plate (PNAM)—
PNAM group appliance, at (i) National Center for 
Child Health and Development (NCCHD), (ii) St. 
Mary’s Hospital, and (iii) Tokyo Medical and Dental 
Univer sity Dental Hospital (TMDU) (Table 1). 
Each group consisted of five infants. Treatment 
protocol was as in Figure 3. The changes of pala-
tal forms in patients with CLP were evaluated 
quantitatively using plaster models. The plaster 
models were taken at the initial visit and later 
after the modified Hotz’s or PNAM appliance was 
inserted. The use of these plaster models for this 
study was agreed to by their parents under the 
code of ethics of each hospital.
The width between the edges of the major 
and minor alveolar ridge on an alveolar cleft was 
measured, to assess the changes in the width of 
the alveolar cleft (WA) (Figure 4). The changes in 
the lateral deviation of the incisal point (LDI) 
were assessed by measuring the plaster casts as 
shown in Figure 5.
The width between the crossing points of the 
palatal cleft edges and the line between the max-
illary tubers was measured, to assess the changes 
in the width of the palatal cleft (WP) (Figure 4).
The changes in the curvature of the palate 
(CP) were assessed by using Grating Projection 
Systems for Profiling (GRASP, Technoarts Lab. Co.) 
(Figure 6). The plaster casts were scanned by 
GRASP and the points along the surface of the cast 
converted to a three-dimensional Cartesian co-
ordinate system. The vertical section from the 
right and left crossing points of a canine groove 
and the alveolar ridge (C(r), C(l)) to the plane pass-
ing through C(r), C(l) and the crossing point of an 
alveolar ridge. The line from an incisive papilla 
to a frenulum, was converted in the dispersion 
diagram. An approximated quadratic curve of 
this dispersion diagram of the vertical section 
was calculated by Excel (Microsoft Co.). The co-
efficient of x2 in this approximated quadratic 
curve was taken, to evaluate the curvature of the 
palate.
All measurements (WA, LDI, WP, and CP) each 
time were compared with paired t tests while the 
differences between the Hotz’s and PNAM groups 
Figure 1. An idealized set-up model.
Original model Set-up model
Figure 2. Modified PNAM for UCLP.
(i) Modified PNAM for UCLP (ii) Facial picture of a UCLP
 infant with modified
 PNAM
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Table 1. Breakdown of subjects
  
Day of
 
Day of Day of 
 Day of
  
taking an
 
setting a setting
 impression 
 
Institute
 
impression before
 
palatal plate
 
a stent
 after Hotz’s/
  
Hotz’s/NAM
 
from BD
 
from BD
 PNAM
  
appliance from BD
   appliance
     from BD
 H1 NCCHD 17 29  142
 H2 NCCHD 14 21  147
 H3 St. Mary  4  7  161
 H4 St. Mary  1  4   91
 H5 St. Mary  1  6  111
Average of Hotz’s  7.4 13.4  130.4
group
 P1 NCCHD 18 25 39 116
 P2 St. Mary  6 10 34 104
 P3 St. Mary  4  9 29 115
 P4 St. Mary  1  6 21 183
 P5 TMDU  6 13 17 130
Average of PNAM    7 12.6 28 129.6
group
Taking an impression
Taking an impression
Making a plaster model
and setting up
an idealized alveolar model
Making a modified Hotz’s plate
Setting a modified Hotz’s plate
Setting a nasal stent
on a modified Hotz’s plate
(only for PNAM group)
Setting a PNAM
Figure 3. Treatment protocol.
WA : The width between edges of a minor and a major
 segment each alveolar ridge on an alveolar cleft side.
WP : The width between the crossing points of palatal
 cleft edges and the line between the maxillary
 tubers (T(r,l)).
Figure 4. The assessment of the width of the 
alveolar cleft (WA) and the palatal cleft (WP).
were compared with unpaired t tests. p < 0.05 was 
considered to be statistically significant.
It was decided that two comparative pictures 
(before and after the modified PNAM treatment) 
be used (Figure 7). The patients shown are only 
from the Tokyo Medical Dental University to allow 
for this comparison. Data from other hospitals is 
still under evaluation.
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Results
The width of the alveolar cleft (WA) was decreased 
in all cases (Table 2, Figure 8). And there were no 
significant differences in the change between the 
Hotz’s group and the PNAM group (p < 0.05).
The lateral deviation in the incisal point (LDI) 
was improved in all cases (Table 3, Figure 9). 
There were no significant differences in the change 
of LDI between the Hotz’s group and the PNAM 
group (p < 0.05).
The lateral deviation of the incisal point (LDI)
= | RD2 − LD2 | / 2 ID 
I  : The crossing point of alveolar ridge and the line
  from incisive papilla to frenulum
T(r,l)  : The maxillary tubers
RD  : The length between I and T(r)
LD  : The length between I and T(I)
ID  : The length between T(r) and T(I)
Figure 5. The assessment of the lateral deviation 
of the incisal point (LDI).
C(l)
−20 −15 −10 −5 0
0
−5
−10
−15
5 10 15 20
C(r)
Oral side
C(r,l) : The crossing point of a canine groove
 and an alveolar ridge
Nasal side
Dispersion diagram of the vertical
sectional palatal view
Approximated quadratic curve
This coefficient was assessed as CP.
y = 0.0382x2 + 0.0107x − 9.6356
R2 = 0.8909
Figure 6. The assessment of the curvature of the 
palate (CP).
Table 2. Changes in the width of the alveolar 
cleft (WA)
 WA
 
Initial visit
 Post Hotz’s/
  PNAM
  appliance
 H1 8.76 1.76
 H2 13.1 7.39
 H3 9.65 1.75
 H4 8.65 1.09
 H5 13.18 6.94
Average of Hotz’s 10.668 3.786
group
 P1 11.78 4.66
 P2 12.22 5.1
 P3 8.89 3.84
 P4 19.43 7.65
 P5 9.39 2.41
Average of PNAM 12.342 4.732
group
The width of palatal cleft (WP) was also de-
creased in all cases (Table 4, Figure 10) and there 
was no significant difference between the Hotz’s 
group and the PNAM group (p < 0.05). The average 
decrease in the widths of the palatal cleft were 
almost the same between the Hotz’s and PNAM 
groups (approximately 11 mm) (Figure 10).
Figure 7. Unilateral CLP case seen in TMDU.
(i) Facial picture
 at initial visit
(iii) Plaster model
 at initial visit
(iv) Plaster model
 after PNAM appliance
(ii) Facial picture
 after PNAM appliance
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Initial visit
4.732∗
3.786∗∗
12.342
10.668
2
4
6
8
10
12
14
Post Hotz’s/PNAM
appliance
∗p < 0.05 ∗∗p < 0.01
Average of Hotz’s group
Average of PNAM group
Figure 8. Changes in the width of the alveolar 
cleft (WA).
Table 3. Changes in the lateral deviation of 
the incisal point (LDI)
 LDI
 
Initial visit
 Post Hotz’s/
  PNAM
  appliance
 H1 4.68 1.07
 H2 7.41 4.33
 H3 6.74 2.65
 H4 5.65 1.08
 H5 8.95 6.26
Average of Hotz’s 6.686 3.078
group
 P1 6.38 3.31
 P2 7.3 4.51
 P3 3.92 1.05
 P4 9.86 1.56
 P5 3.77 0.151
Average of PNAM 6.246 2.1162
group
3.078∗
2.1162∗∗
6.686
6.246
Non
improvement
Improvement 0
2
4
6
8
La
te
ra
l d
ev
ia
tio
n
of
th
e 
in
ci
sa
l p
oi
nt
Initial visit Post Hotz’s/PNAM
appliance
∗p < 0.05 ∗∗p < 0.01
Average of Hotz’s group
Average of PNAM group
Figure 9. Changes in the lateral deviation of the 
incisal point (LDI).
Table 4. Changes in the width of the palatal 
cleft (WP)
 WP
 
Initial visit
 Post Hotz’s/
  PNAM 
  appliance
 H1 14.13 7.75
 H2 19.51 10.98
 H3 15.75 11.23
 H4 14.12 9.15
 H5 19.5 16.64
Average of Hotz’s 16.602 11.15
group
 P1 11.25 9.25
 P2 11.5 10.42
 P3 11.65 9.99
 P4 19.46 12.9
 P5 14.46 11.29
Average of PNAM 13.664 10.77
group
There was a decrease in the curvature of the 
palate (CP) in all cases (Table 5, Figure 11) and 
there was no significant difference in the change 
of CP between the Hotz’s group and the PNAM 
group (p < 0.05). The average decrease in the 
curvatures of the palate were almost identical 
for the Hotz’s and PNAM groups (approximately 
0.026) (Figure 11).
Discussion
In both the Hotz’s and PNAM groups the lateral 
deviation of the incisal point (LDI) was decreased 
in all cases (Table 3, Figure 9) as was the width of 
the alveolar cleft (WA) (Table 2, Figure 8). There 
was an improvement in the positions of the pre-
maxilla segment too. These results were obtained 
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11.15∗∗
10.77∗
16.602
13.664
10
11
12
13
14
15
16
17
Initial visit Post Hotz’s/PNAM
appliance
∗p < 0.05 ∗∗p < 0.01
Average of Hotz’s group
Average of PNAM group
Figure 10. Changes in the width of the palatal 
cleft (WP).
Table 5. Changes in the curvature of the 
palate (CP)
 CP
  Post Hotz’s/
 Initial visit PNAM 
  appliance
 H1 0.031 0.0279
 H2 0.0245 0.0192
 H3 0.0439 0.031
 H4 0.0275 0.0243
 H5 0.0283 0.0235
Average of Hotz’s 0.03104 0.02518
group
 P1 0.0335 0.0235
 P2 0.0413 0.0259
 P3 0.0379 0.0301
 P4 0.0383 0.0205
 P5 0.041 0.0323
Average of PNAM 0.0384 0.02646
group
0.02646∗∗
0.02518∗
0.0384
0.03104
Deep
Shallow 0.0250
0.0275
0.0300
0.0375
0.0350
0.0400
C
ur
va
tu
re
0.0325
Initial visit Post Hotz’s/PNAM
appliance
∗p < 0.05 ∗∗p < 0.01
Average of Hotz’s group
Average of PNAM group
Figure 11. Changes in the curvature of the 
palate (CP).
by the early fitting of the palatal plate on the pre-
surgical orthopedic appliance guide and the ante-
rior growth of the major and minor segments.9–11 
Although the PNAM appliance is disadvantageous 
in improving the alveolar form when compared 
with the Hotz’s plate appliance in applying the 
nasoalveolar molding plates to the unilateral cleft 
lip and palate (CLP) cases, because of the asym-
metrical pressure from the stent to the palatal 
plate; these results suggest that the modified 
PNAM appliance could obtain better alveolar 
form than the modified Hotz’s plate appliance in 
these cases.
The width of the palatal cleft (WP) and the 
curvature of the palate (CP) was decreased in all 
cases (Tables 4 and 5, Figures 10 and 11) and 
showed an improvement in the palatal form. 
These results were obtained by positioning the 
tongue such that the abnormal force exerted 
by the tongue on the palate was removed.9,11–13 
These results suggest that there was no signifi-
cant difference in the techniques of molding the 
palatal form be tween the modified Hotz’s plate 
and the modified PNAM for the palatal plate to 
improve the tongue posture.
After the Hotz’s or PNAM procedure, the de-
creased average WP was similar (approximately 
11 mm—Figure 10) as was the decreased average 
CP (approximately 0.026—Figure 11) in both the 
Hotz’s and PNAM groups. These results suggest 
that this could be the limit of the effectiveness 
of this type of pre-surgical orthopedic appliance 
on the palatal form.
Grayson et al described that an attempt to 
correct the nasal cartilage deformity present in 
a larger alveolar cleft defect, may result in an 
undesirable increase in the circumference of the 
lateral alar wall.2 However, it seems that the nasal 
cartilage can be molded more easily in the first 
three months. The modified Hotz’s plate was made 
from the idealized setup model and may indi-
cate the idealized occlusal plane. We therefore 
expect that by using the modified Hotz’s plate 
for the PNAM we could add and adjust the nasal 
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stent by imaging the idealized nasal form prop-
erly even before the alveolar cleft width reduces 
by less than 6 mm. On the other hand we were 
afraid of the negative influence from the asym-
metrical pressure of the nasal stent on the pala-
tal molding plate. On the nasal form, a favourable 
effect was obtained using the modified PNAM in 
the TMDU case (Figure 7). The modified PNAM 
appliance could obtain the same results as the 
modified Hotz’s plate appliance on the alveolar 
and palatal form. These results suggest that the 
set of the nasal stent on the modified Hotz’s plate 
before the severe alveolar deformity, did not show 
any negative influence on the improvement of 
the alveolar and palatal deformity in unilateral 
CLP patients.
Conclusions
The favourable effects of treatment using the 
Hotz’s plate and the modified PNAM on both the 
alveolar and palatal forms in all cases for the uni-
lateral CLP are quantitatively confirmed. On the 
nasal form, the favorable effect was obtained 
with the modified PNAM. As such, the modified 
PNAM appliance would be a better appliance than 
the modified Hotz’s appliance for the improve-
ment of the nasal form in unilateral CLP patients. 
The modified Hotz’s plate would be a better for 
setting the nasal stent early.
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